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摘  要 




广泛的甲壳物种，本文采用多种克隆方法，从虾中克隆得到 8 个 GH18 几丁质酶




三维结构模拟显示 LvCHT3 几丁质酶的结构呈现典型的(α/β)8 TIM 桶状结
构。将 LvCHT3 克隆到表达载体 pET-28a，在大肠杆菌 E. coli BL21 (DE3)中表达，
获得约 54 kd 的目标重组蛋白，组氨酸亲和柱分离纯化得到 LvCHT3 重组蛋白。 
采用 SYBR 荧光定量 PCR 法分析了所克隆基因在虾 8 个组织中的表达定位。
结果显示这些基因具有不同的组织分布特异性，LvCHT1、LvCHT3 和 LvCHT4 为






























Chitinolytic enzymes are composed of glycoside hydrolase 18 (GH18) family of 
chitinase and GH20 family of N-acetyl-β-D-glucosaminidase (NAGase). They are 
multi-gene family that play crucial roles in ecdysis, cell separation, embryonic 
development, extracellular matrix synthesis, and allergy. Although the enzymes have 
been studied for years, data about the enzymes are rather limited, especially in 
Crustacea. In the study, different cloning strategies were adopted to clone chitinase 
genes of Litopenaeus vannamei, which is the most widely cultured shrimp. Eight GH18 
chitinase and one NAGase were identified. Comparing to the three known groups of 
crustacean chitinase, several members are located on new evolutionary clades thus 
enriched the chitinase family of Crustacea. It also supported that GH18 chitinase family 
are multi-gene family in L. vannamei. The result of chitinolytic zymography showed 
that there were multi enzymatic active chitinase protein in shrimp. This supported the 
multi-gene family of chitinase on protein level. 
The tertiary structure of LvCHT3 were constructed by homology modeling. The 
protein showed a classical (α/β)8 TIM structure. LvCHT3 was cloned into pET-28a, 
and expressed in E. coli BL21 (DE3). A 54 kd recombinant protein was produced, then 
purified for further study by His tag. 
 Tissue expression profiles were investigated in eight tissues by SYBR real-time 
RT-PCR. Results showed the various tissue specificity. LvCHT1, LvCHT3 and 
LvCHT4 were hepatopancreas-specific genes, whereas LvCHT5 and LvCHID1 were 
expressed in all the eight tissues. 
Genes and their proteins from model eukaryotic representatives were collected. 
When analyzing the domain architectures of GH18 proteins, three conserved patterns 
were identified, some of which are functionally connected. It was also observed that 
some GH18 members in Ecdysozoa or fungi species possess repeats of catalytic 
domains and/or chitin binding modules. To the contrast, all vertebrate GH18 proteins 
contain no more than one catalytic domain or chitin binding module. Gain and loss of 
the chitin binding module happened during the family evolution. Chitolectin without 
catalytic activity lacked the chitin binding module. 
A series of bioinformatics and phylogenetic analysis were demonstrated. As the 
results, two evolutionary paths of GH18 family were identified: one experienced gene 















except CHID1 and its homologs are included in this path. GH18 proteins in this path 
perform diverse functions, e.g. chitin degradation, antimicrobial, and control of growth. 
The other path is comparatively conserved both in sequence and function that CHID1 
gene evolved from C. elegans to human without gene duplication except in D. rerio. 
Conclusively, we proposed that the gene family was proceeding in a birth-and-death 
evolution model, and the expansion and contraction of the family is likely in a 
species-specific style. Accompanying with gene gain and loss, GH18 family preserve 
their essential functions in degrading chitin, as well as recruit new functions. The 
domain architectures, exon arrangements, gene synteny, evolutionary relationships and 
tissue expression patterns all provide reasonable explanation for the existence of 
multiple genes in chitinase family. 
 
Key words：Litopenaeus vannamei; chitinase; N-acetyl-β-D-glucosaminidase; 











































1.1.2 几丁质分布  
几丁质广泛存在于自然界中，其含量仅次于纤维素，居第二位，而在海洋中
则是含量第一的多糖。在生物体中，几丁质主要存在于细菌和真菌的细胞壁，线
图 I 三类多糖的结构 Rf[1] 












Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
